The likelihood ratios test results for VP24, VP30, VP35, and VP40 proteins of different species of Ebola viruses from Filoviridae family were determined using different models to obtain 2∆ℓ values and to compare them with Chi-Square distribution 99% and 95%. Then, by using site models, BEB(Bayes Empirical Bayes) analysis gives positively selected sites of GP that are in the musin like domain. Results of likelihood ratio test using positive selection models lead to the conclusion that there are evidence for the relation between the change of amino acids in particular sites of structural proteins of this virus and increasing mortality rate of it.
Introduction
Nucleotide substitutions are divided into nonsynonymous substitutions (N), which result in changes of amino acid residues in the encoded proteins, and synonymous substitutions (S), which do not cause changes in amino acid residues. Positive Darwinian selection at the DNA sequence level is often tested by estimating the ratio (ω) of the rate of nonsynonymous (dN) nucleotide substitutions to that of synonymous (dS) substitutions between homologous protein-coding gene sequences [1] . An ω value significantly higher than 1 is interpreted as evidence for positive selection, ω <1 suggests purifying selection (selective constraints), and ω = 1 indicates neutral evolution. Detecting positive selection is generally difficult because positive selection often acts on a few sites and in a short period of evolutionary time and the signal may be swamped by the ubiquitous negative selection.
With determining nonsynonymous-synonymous substitution rate ratio (dN/dS or ω) a measure of selective pressure at the protein level will be provided [2] , [3] . An ω greater than one indicates that nonsynonymous mutations offer fitness advantages and are fixed in the population at a higher rate than synonymous mutations. The positive selection can thus be detected by identifying cases where ω>1. In a functional protein, many amino acids may be under strong structural and functional constraints and not free to vary. Thus, it is important to account for variation in selective pressure (and thus in the ω ratio) among sites if one hopes to detect positive selection affecting only a few amino acid residues [4] , [5] . A number of such models were implemented previously [4] , [6] based on the codon-substitution model [7] , [8] . In the past few years, such site-specific models have been used to detect positive selection in a variety of genes and species [9] - [20] . Computer simulations also confirmed the power of those methods [21] - [23] .
The Filoviridae family in the order Mononegavirales is divided into some genera including Ebolavirus and Marburgvirus. Ebolavirus genus has Bundibugyo virus, Reston ebolavirus, Sudan ebolavirus, Tai Forest ebolavirus and Zaire ebolavirus species. Filoviruses are recognized as a significant threat to public health and conservation as they cause periodic human and non-human primate outbreaks with high mortality rates.
In the current research, some programming and software tools are used to determine how seven structural proteins of Filoviruses undergo some evolution changes and what results of these alternations in the amino acid framework are.
Method
The expressed proteins by the Filoviruses are: nucleoprotein (NP), glycoprotein (GP), RNA-dependent RNA polymerase (L), VP24, VP30, VP35, and VP40 [24] , [25] for Sudan ebolavirus and 2220 for other species) are analyzed in this paper. We did not make any change in sequences. After these sequences were aligned poor sequences were completely removed and this resulted in different Taxa number. Several tools have been developed for alignment of sequences based on back-translation, but TranslatorX+T-Coffee was used according to the advantage of this tool [26] . EMBOSS Seqret from Sequence Format Conversion tools of EMBL-EBI was used to convert these sequences to Phylip interleaved and Nexus/Paup interleaved format. PAUP* tool (Phylogenetic Analysis Using Parsimony) version 4a.147 was utilized for inferring and interpreting phylogenetic trees but without branch length [27] . These trees and Phylip interleaved format text were implemented in the CODEML program of the PAML package [28] , [29] .
Results

Lineage-Specific/Branch Models
These models allow ω vary among branches of phylogeny and are used to detect positive selection acting on particular lineages. One-ratio model or null model assumes an equal ω-ratio for all branches in the phylogeny and free-ratios model assumes an independent ω-ratio for each branch. Then Likelihood Ratio Test (LRT) of these models can be compared and tests if they are significantly different. Where free-ratios model significantly favored we can conclude that there is variable selective pressure in the phylogeny and branches with ω>1 show us weak evidence of positive selection.
Results for comparison of One-ratio and Free-ratio models are in Table 1 . Suppose the log-likelihood values under the two models are ℓ 0 and ℓ 1 , respectively. Then, 2∆ℓ=2(ℓ 1 -ℓ 0 ) can be compared with 2  distribution (chi-square table, probability 95%, and 99%) and regard degree of freedom (df: difference in a number of parameters between One-ratio and Free-ratio model) to test whether these two models are significantly different. [30] , [31] . Fig.1 was drawn for more illustration. Taxa names were written as GenBank Accession, species name, and collection date respectively. Numbers on branches are dN/dS of Free-ratio model. If dN/dS for a branch was 0/0 or 0/number, it was not written. Red color branches have dN/dS>1. In next step, Two-ratio model, a more specific model respect to Free-ratio model, was applied to alignment sequences of GP, NP and L proteins. The Free-ratio model is parameter-rich and is unlikely to produce accurate estimates for all ω ratios. Based on data in Table 1 , in the case of VP24, VP30, VP35 and VP40, there is not a meaningful difference between these two models and investigation with Two-ratio model on these proteins was not performed. Two-ratio model allows two or more ω ratios. In Table 2 it was specified which branches have different rates in tree files and also results of the comparison of LnL values of this model with One-ratio model was reported. In all cases, there are only two different ω ratios and then df equals one. Where Two-ratio model
 where ℓ 1 and ℓ 0 are -LnL values of Two-ratio model and One-ratio model respectively) and branches tested have ω>1, we can conclude that there is evidence of positive selection on those lineages. In Fig.1 Specified branches for Two-ratio model were shown with capital letter labels in accordance with Table 2 .
Site Models
In this section test of evidence for models of Site-Specific Positive Selection has been done. Site models unlike Branch models that require ω>1 over whole sequence and positive selection tends to act only on specific amino acids or domains, allow the ω ratio to vary among sites (among codons or amino acids in the protein) [31] . In other word, models of variable ω ratios among sites were used to test for the presence of sites under diversifying selection (with ω > 1) and to identify them. In this paper, a site refers to an amino acid or codon rather than a nucleotide. Following five models have been used for the ω distribution and implemented in the CODEML program of the PAML package [28] , [29] . Model M1 (neutral) assumes two classes of sites in the protein: the conserved sites at which ω = 0 and the neutral sites at which ω =1. Model M2 (selection) adds a third class of sites with ω as a free parameter, thus allowing for sites with ω >1. Model M3 (discrete) uses a general discrete distribution with three site classes, with the proportions (p 0 , p 1 , and p 2 ) and the ω ratios (ω 0 , ω 1 , and ω 2 ) estimated from the data. Model M7 (beta) uses a beta distribution B(p, q), which, depending on parameters p and q, can take various shapes in the interval (0, 1). Model M8 (beta and ω) adds an extra class of sites to the beta (M7) model, with the proportion and the ω ratio estimated from the data, thus allowing for sites with ω > 1. Data for these models have been given in Table 3 and Table 4 for GP and L proteins respectively. From these models, we construct three LRTs (Tables 5, 6 , 7), which compare M0 (one ratio) with M3 (discrete), M1 (neutral) with M2 (selection), and M7 (beta) with M8 (beta & ω). For VP24, VP30, VP35, and VP40 proteins, there were not the considerable difference between LnL (log-Likelihood) value of model M1 (neutral) and M2 (selection) and between LnL value of model M7 (beta) and M8 (beta & ω) then data for these proteins were not reported. When the alternative models (M2, M3, and M8) suggest the presence of sites with ω > 1, all three tests can be considered tests of positive selection [30] , [31] . However, the comparison of M0 with M3 may also be considered a test of variable ω values among sites. After ML estimates of parameters are obtained, the Bayes theorem is used to calculate the posterior probabilities of site classes for each site [31] . If the ω ratios for some site classes are>1, sites with high posterior probabilities for those classes are likely to be under diversifying selection.
Conclusion
According to likelihood ratios test results in Table 1 , for VP24, VP30, VP35, and VP40 proteins 2∆ℓ are smaller than Chi-Square distribution 99% and even 95% (considering the degree of freedom). This means free-ratios model does not prefer to one-ratio model and it is pointless to have any conclusion about International Journal of Bioscience, Biochemistry and Bioinformatics variable selective pressure in the phylogeny of these proteins and discussion for even weak evidence of positive selection in these cases is worthless. But for GP, NP, and L proteins, free-ratios model significantly favored and branches with ω>1 have been shown with red lines in Fig.1 . We can presume there is the positive selection in these proteins. Then for a better understanding of positive selection, data in Table 2 and results of Likelihood Ratio Test have been considered. In this table with comparing 2∆ℓ with Chi-Square distribution 95% and ω value in the last column for each protein, we can conclude that for GP protein in branches with label D and J and for L proteins in branches with label A, C, and D there is evidence of positive selection.
In the next step, when we use site models, BEB(Bayes Empirical Bayes )analysis [32] gives positively selected sites for GP that are in the musin like domain, that it is crystallographically disordered and internal fusion loop regions [33] , [34] . As it was determined GP is the only viral protein found on the surface of the Ebola virion that is responsible for mediating attachment, fusion, and entry of the virus. The first step of entry is an attachment. Because the mucin domain is the prominent feature on the virion surface, it seems likely that initial attachment steps occur through interactions of this domain with host cell surface factors [35] - [37] . For viruses, the mucin domain was determined to enforce intracellular signaling in dendritic cells, with aiding in replication steps or downstream entry [38] . BEB determined positively selected amino acids sites in musin like domain have changed in terms of their hydropathy, polarity or charge between different species that show different mortality rate. For example amino acid at site 413 in Zaire species is Glutamine but in Bundibugyo and Tai Forest species at the same site, there is Isoleucine and phenylalanine respectively.
Most of BEB positively selected sites (83%) in L protein are in region 1608-1806 (9% of all amino acid sites). In these sites almost always Bundibugyo, Tai Forest, and Sudan species have different amino acids. As mentioned previously these species as well as in branch model have shown evidence of positive selection.
Results of likelihood ratio test using positive selection models give evidence for the relation between the change of amino acids in special sites of proteins structure of Ebola different species and change of mortality rate in these species but it not improved yet. Unrooted topology is used here. Branches are drawn in proportion to their lengths, defined as the expected number of nucleotide substitutions per codon. Maximum-Likelihood estimates of branch lengths were obtained under the "free-ratios" model, which assumes an independent ω ratio (d N /d S ) for each branch in the tree. Estimates of the ω ratios under that model are shown along branches. Taxa names were written as GenBank Accession, species name and collection date respectively. Capital letters on branches indicate which branches are specified in Two-ratio model.
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